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Description 

[0001] This invention relates to devices for reading 
the results of assays, to assay devices for use in con- 
junction with reading devices, and to methods using 
such devices. 

[0002] An objective of the invention is to provide as- 
say result reading devices and associated sample test- 
ing devices which can provide accurate quantitative as- 
say information in a simple, quick and cost effective 
manner. Such devices can be used in a wide range of 
situations such as hospitals, clinics, doctors' offices, and 
the home. Depending on the circumstances, the analyte 
under investigation can also vary widely. Examples are 
infectious disease organisms or markers, metabolites in 
body fluids indicative of a change in the health or con- 
dition of a patient, and administrate or ingestable sub- 
stances such as medicaments or drugs of abuse. 
[0003] The invention is particularly, although not ex- 
clusively, concerned with assays which can be per- 
formed by comparatively untrained people and espe- 
cially in the home. 

[0004] Home-use assay devices such as pregnancy 
tests are now well established. In the case of a pregnan- 
cy test, which merely needs to provide the user with a 
"yes/no" result, the technology now available enables 
the assay result to be read easily by eye without the 
need for any ancillary equipment. 
[0005] Home-use assays are intended primarily to de- 
tect physiological changes in the human body, with the 
objective of promoting the health, general well-being or 
lifestyle of the individual. The consumer is becoming in- 
creasingly health conscious, and the ability of the con- 
sumer to monitor his or her bodily functions is being en- 
couraged. In some instances this can facilitate the inter- 
action between the individual consumer and the medical 
profession (GP). 

[0006] There are many assays indicative of physio- 
logical changes in the human body which currently can 
only be performed using sophisticated laboratory tech- 
niques. In order to provide useful information concern- 
ing the individual under test, such assays generally 
need to yhield a result in precise numerical terms, e.g. 
the concentration of a specific analyte in a body fluid. 
[0007] Accordingly there is a need for an assay sys- 
tem, especially applicable to the testing of body fluid 
samples in the home, which combines convenience of 
sample testing together with simple and cost-effective 
numerical determination of the assay result. 
[0008] Many assay devices are described in the tech- 
nical literature with suggestions that the assay result can 
be read using optical equipment. The use of fluores- 
cence emission, or light reflectance, is often suggested. 
Such techniques are mostly appropriate for use in so- 
phisticated laboratories. In EP-A2-212599, which de- 
scribes multizone analytical elements having a detect- 
able signal concentrating zone, the suggestion is made 
that a detectable signal indicative of an assay result in 



the zone can be measured by electromagnetic radiation, 
such as light, transmitted through the zone. 
EP-A2-212599 indicates that the element can be made 
from porous fibrous materials, such as paper and nitro- 
5 cellulose. However, no practical details are provided to 
indicate how an accurate measurement might be made 
using transmitted light. 

[0009] EP 0 283,285 discloses a monitoring system 
suitable for home use, comprising a combination of a 

10 hand-held photometer and a test device in the form of 
a light-transmissive supportal strip with an indicator por- 
tion for receiving a liquid sample for analysis. The test 
device is inserted into the photometer and the colour of 
the indicator portion determined using transmission 

15 photometry, providing an output signal which depends 
on the amount of light transmitted through the indicator 
portion, which is thus indicative of the amount of analyte 
of interest in the sample. The illustrated embodiment us- 
es an LED as the light source and a light-sensitive diode 

20 as the sensor. The device is designed particularly for 
measurement of blood glucose levels. 
[0010] EP 0 165, 535 discloses a method of measur- 
ing samples by reflectance. Measurement of test strips 
by optical transmission is not disclosed or contemplated 

25 in the document. 

[0011] JP-A-59214768 discloses a method of testing 
blood in a capillary tube by transmitting light through the 
blood sample. The use of light of uniform intensity with 
respect to the longitudinal direction of the capillary is 

30 mentioned. There is no explicit mention of the use of 
diffuse light. Moreover the document does not mention 
the use of transmission reading in the context of porous 
strip format assays. 

[0012] By the invention, we have found that quantita- 

35 tive information can be derived by transmission reading 
of an assay strip or the like if the incident electromag- 
netic radiation is uniform across a region of the test strip 
which encompasses and extends beyond the test zone. 
[0013] In one embodiment, the invention provides a 

40 method of "reading" the result of an assay effected by 
concentrating a detectable material in a comparatively 
small zone of a carrier in the form of a strip, sheet or 
layer through the thickness of which electromagnetic ra- 
diation, such as light, is transmissible, wherein at least 

45 a portion of one face of said carrier is exposed to incident 
electromagnetic radiation which is substantially uniform 
across the entire portion, said portion including said 
zone, and wherein electromagnetic radiation emerging 
from the opposite face of said carrier is passed through 

50 a diffuser prior to being measured to determine said as- 
say result. 

[0014] Preferably, the incident electromagnetic radia- 
tion is of substantially uniform intensity. 
[001 5] This uniformity can be achieved, for example, 
55 by providing a columated source of electromagnetic ra- 
diation, using conventional focussing means such as 
lenses and light guides to provide parallel incident elec- 
tromagnetic radiation which falls essentially normally 
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across the entire exposed portion of the carrier. 
[0016] However, in a more preferred embodiment of 
the invention, the incident electromagnetic radiation is 
diffuse and bathes the exposed portion of the carrier uni- 
formly in a randomly scattered manner 5 
[0017] In yet another embodiment, the invention pro- 
vides a test kit comprsing an assay device and assay 
result reader, wherein: 

a) said device comprises a porous liquid-permeable 10 
carrier strip or sheet through the thickness of which 
electromagnetic radiation is transmissible diffusely, 
said carrier preferably being within a casing or cov- 
er, said carrier including at least one detection zone 

in which an assay result is revealed by specific bind- *5 
ing of a detectable material directly or indirectly to 
a binding agent immobilised in said detection zone; 

b) said casing or cover, if present, has electromag- 
netic radiation transmitting regions enabling elec- 20 
tromagnetic radiation from an external source to be 
passed through said device, said detection zone ly- 
ing in a path between said transmitting regions; 

c) and said assay result reader is in accordance with 25 
claim 1 

[0018] Preferably, said receiving means of the assay 
result reader incorporates interlocking means engaga- 
ble with corresponding interlocking means on said de- 30 
vice to ensure that upon receipt of said device by said 
reader said detection zone(s) is located and maintained 
in a predetermined spacial relationship relative to said 
reading means. 

[0019] Preferably, said receiving means includes ac- 35 
tuating means triggered by said receipt of said device, 
said actuating means causing said reading of said de- 
tection zone(s) to be initiated. 

[0020] If the assay device is provided with a casing, it 
is advantageous if said device casing includes internal 40 
registration means which engages with corresponding 
registration means associated with said carrier such that 
said detection zone within said device casing is located 
in a predetermined spacial relationship relative to said 
registration means on said device casing. Preferably, *5 
said internal registration means comprises a pin or the 
like, engagable with a hole, indentation or the like in said 
carrier, said detection zone being at a predetermined lo- 
cation on said carrier relative to said hole or indentation. 
[0021] During manufacture of said assay device, said 50 
corresponding registration means may be used to facil- 
itate or control accurate formation, e.g. by means of re- 
agent printing techniques, of said detection zone on said 
carrier. In addiction, or alternatively, accurate placement 
of said carrier within said device casing can be facilitated 55 
or controlled by said registration. 
[0022] In a further embodiment, the invention pro- 
vides an assay result reader, for use in conjunction with 



an assay device comprising a porous liquid-permeable 
carrier strip or sheet through the thickness of which elec- 
tromagnetic radiation is transmissible, said carrier in- 
cluding a detection zone in which an assay result is re- 
vealed by specific binding of a detectable material di- 
rectly or indirectly to a binding agent immobilised in said 
detection zone, detection of said material being effected 
as a response to said electromagnetic radiation, said as- 
say result reader comprising: 

a) receiving means for receiving at least a portion 
of said assay device, said portion including said de- 
tection zone; 

b) reading means associated with said receiving 
means, said reading means comprising: 

i) at least one source of uniform diffuse electro- 
magnetic radiation; and 

ii) one or more sensors capable of detecting the 
intensity of said electromagnetic radiation; 
characterised in that said assay result reader 
comprises a diffuser in front of said one or more 
sensors such that electromagnetic radiation 
from said diffuse source must part through said 
diffuser before reathing said one or more sen- 
sors; said source and said sensor(s) being po- 
sitioned such that when said portion of said as- 
say device is received within said receiving 
means, said detection zone is disposed in the 
path between said source and said sensor(s), 
between said diffuse source and said diffuser. 

[0023] The assay device/reader combination can be 
supplied to'the consumer as a single test kit. In general 
however, whereas the reader will be a relatively perma- 
nent unit which the consumer can use time and again 
(and which may be provided with an electronic memory/ 
data-processing facility which enables the results of 
many sequential assays to be evaluated) the testing de- 
vices will be intended for use only once and thereafter 
will be discarded. Accordingly, the test devices may be 
supplied to the consumer separately from the reader, e. 
g. in multi-packs. 

[0024] By ensuring precise interlocking between the 
testing device and the reader, and also ensuring precise 
registration of the location of the detection zone within 
the testing device itself, the testing zone will be present- 
ed to the reader in a constant pre-determined position 
every time a testing device is inserted into the reader. 
The construction of the optical system within the reader 
(light source and sensors) can therefore be kept as sim- 
ple as possible, because it is not essential for the sen- 
sors to include any scanning facility, for example, which 
would otherwise be required if the exact location of the 
detection zone was not known. By avoiding the need for 
a sophisticated optical reading system, the cost of the 
reader/monitor may be reduced. Simplification of the op- 
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tical reading system may also enable the reader/monitor 
to be of small size which will assist convenient and un- 
obtrusive use in the home. Of course, a scanning facility 
can be included in the reader if desired. 
[0025] An additional benefit of providing an internal 5 
registration system which ensures precise location of 
the detection zone within the test device, is that auto- 
mated manufacture and quality control of the testing de- 
vices can be facilitated. Because it is envisaged, for ex- 
ample, in the case of an ovulation cycle monitor, that the 
consumer will need to use several testing devices each 
month, the testing devices may need to be manufac- 
tured in large numbers at low cost. Internal registration 
can facilitate automated manufacture and high through- 
put. 

[0026] In principle, any electromagnetic radiation can 
be used to effect the transmission measurement in the 
invention. The electromagnetic radiation should prefer- 
ably be capable of being rendered diffuse. Preferably 
the electromagnetic radiation is light in the visible or 
near-visible range. This includes infra-red light and ul- 
tra-violet light. It is generally envisaged that the detect- 
able material used as a label in the assay is one which 
will interact with light in the visible or near visible range, 
eg. by absorption. The wavelength of the electromag- 
netic radiation chosen is preferably at or near a wave- 
length which is strongly influenced, eg. absorbed, by the 
label. For example, if the label is a substance which is 
strongly coloured, ie. visible to the naked human eye 
when the material is concentrated, the ideal electromag- 
netic radiation is light of a complementary wavelength. 
Particulate direct labels, for example, metallic (eg. gold) 
sols, non-metallic elemental (e.g. Selenium, carbon) 
sols, dye sols and coloured latex (polystyrene) particles 
are ideal examples. For instance, in the case of blue- 
dyed latex particles, the ideal electromagnetic radiation 
is visible red light which will be strongly absorbed by the 
blue particles. 

[0027] In the invention, the transmitted electromag- 
netic radiation reaching the sensor(s) should be diffuse. 
The diffuseness may arise partly as a consequence of 
transmission of the electromagnetic radiation through 
the carrier strip or sheet, partly is contributed by the 
source of the electromagnetic radiation emitting the en- 
ergy in a highly diffuse form. In a preferred embodiment 
of the invention the source produces highly diffuse radi- 
ation and the carrier strip or sheet through which this 
radiation subsequently is transmitted is in comparative 
terms a much weaker diffuser. 
[0028] A primary advantage of the use of diffuse light 
or other radiation in the context of the invention is that 
the reading of the assay result is much less likely to be 
adversely influenced by blemishes or contaminating 
material on the assay device. For example, dirt or 
scratches on the assay device in the region through 
which the radiation must be transmitted could strongly 
interfere with the accuracy of the determined result if 
focussed rather than diffuse light is used. By the use of 



a diffuse light source in accordance with the invention, 
it is possible to provide an assay result reader which can 
accurately interpret the result of an assay conducted 
even in an essentially transparent assay device without 
the assay result being adversely affected by minor con- 
tamination or damage (eg. superficial scratches) to the 
assay device. 

[0029] In a preferred embodiment of the invention, the 
electromagnetic radiation from the source is pulsed. By 
synchronising the detectors (sensors) so that they func- 
tion only in phase with the pulsed radiation source, it is 
possible to eliminate any background interference that 
might be caused by external radiation, e.g. ambient 
light. It is envisaged that the assays will mostly be con- 
ducted under circumstances of natural daylight or, even 
more often, artificial light. Artificial light is usually of a 
pulsed nature (typically 50-1 00Hz) caused by the alter- 
nating nature of electricity supplies. By adopting a 
pulsed radiation source for the illumination of the assay 
device within the reader, the intrusion of natural daylight 
can be ignored. By selecting the pulse frequency such 
that it is sufficiently different from the prevailing artificial 
light, any interference due to artificial light can also be 
avoided. Preferably the pulse frequency of the energy 
should be at least about 1 kHz. An ideal pulse frequency 
is about 16 kHz. The electronics necessary to achieve 
synchronous pulsed sensing are familiar to those skilled 
in the art. 

[0030] The use of pulsed light is very advantageous 
because it renders it unnecessary for the monitor to be 
"light tight". Not merely does this simplify the construc- 
tion of the monitor but the reading of the assay result 
can be performed while the monitor is "open", thus sim- 
plifying the operation for the user. 
[0031] The source of light or other electromagnetic ra- 
diation can comprise entirely conventional components. 
Ideal examples are commercially available LED's, pref- 
erably chosen to give a suitable wavelength of light that 
is strongly absorbed by the detectable material concen- 
trated in the test zone(s). Light from the LED's should 
be passed through a strong diffuser before reaching the 
assay device. If desired, an array of LED's which are 
energised in turn can be used. 
[0032] Suitable diffusers can be made, for example, 
from plastics materials, and are available commercially. 
If necessary, the light-scattering properties of the diffus- 
ing material can be enhanced by including particulate 
materials such as Titanium dioxide and Barium sul- 
phate. An ideal diffusing material comprises polyester 
or polycarbonate, containing Titanium dioxide. A good 
inclusion level for the particulate material is at least 
about 1 % by weight, preferably about 2%. By the use of 
a diffuser, all relevant regions of an assay strip may be 
measured simultaneously, and differences in light out- 
put from the source are eliminated. 
[0033] The sensor(s) to detect emergent light can be 
conventional components such as photodiodes, e.g. sil- 
icon photodiodes. 
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[0034] A diffuser, which can be made from the same 
material as the diffuser described above, is located in 
front of the sensor(s). This ensures that the view seen 
by the sensor is not affected by the presence or absence 
of a test strip in the reading head. In consequence, the 
monitor can be calibrated in the absence of a test strip, 
and then measure an assay result in the presence of an 
assay strip. 

[0035] By employing a uniform light source in accord- 
ance with the invention, it is possible to provide a read- 
ing system for test strips and the like which is relatively 
tolerant to variation in the placement of the test zone(s) 
from one strip to another, in the absence of a scanning 
sensor. Further benefits are obtained if test zone place- 
ment is controlled, as described herein. 
[0036] For the purposes of enhancing the likelihood 
of conception, assay devices have already been mar- 
keted which enable the user to monitor the urinary con- 
centration of lutenizing hormone (LH) which peaks 
sharply approximately one day in advance of ovulation. 
Daily testing of urinary LH concentration is conducted, 
for example using "dipstick" technology with the assay 
result being provided by a coloured end point, the inten- 
sity of the colour being proportional to LH concentration. 
By providing the consumer with a colour chart which en- 
ables the daily result to be compared against a standard, 
the "LH surge" can be detected simply by eye. Unfortu- 
nately, the monitoring of LH concentration is a very rare 
example of an assay relying on semi-quantitative data 
which is ameniable to such simple technology, being 
possible only because in relative concentration terms 
the LH surge is such a dramatic event. For most other 
potentially useful assays the analyte concentration 
changes in body fluids are much more subtle and only 
detectable accurately by instrumental means. 
[0037] A need therefore exists to extend the currently 
available qualitative home-use testing technology into 
the area of precise quantitative testing. A convenient ex- 
ample, which is a logical extension of the present con- 
sumer interest in home-use pregnancy testing and ovu- 
lation prediction testing, is the extension into accurate 
monitoring of the ovulation cycle, not merely to enhance 
the likelihood of conception but indeed to provide relia- 
ble information for the purposes of contraception. Pro- 
posals have been made to analyse body fluids with this 
objective in mind. A common theme is to monitor peri- 
odic fluctuations in various hormone metabolite levels 
in urine. 

[0038] The invention can be used in the determination 
of any body fluid analyte, especially in the monitoring of 
the human ovulation cycle by the determination of one 
or more hormones or metabolites thereof in body fluid, 
such as urine, for example either LH and/or estrone- 
3-glucuronide (E3G). 

[0039] Within the preferred context of the present in- 
vention it is envisaged that a home-use sample liquid 
testing device will include a porous carrier material , such 
as a strip, through which applied sample liquid such as 



urine can permeate and wherein the assay result occurs 
by means of specific binding of a detectable material in 
a precisely-defined region (detection zone) of the carri- 
er, such as a narrow line or small dot, containing an im- 
5 mobilized specific binding reagent. The invention is 
therefore concerned with ways in which localisation of 
a detectable material in such a detection zone can be 
determined accurately in a simple and cost-effective 
manner. Home-use devices for the analysis of urine, for 
example in pregnancy tests and ovulation prediction 
tests, are now widely available commercially. Many 
such devices are based on the principles of immuno- 
chromatography, and typically comprise a hollow casing 
constructed of plastics material containing a porous as- 
say strip carrying pre-dosed reagents. The reagents 
within the device may include one or more reagents la- 
belled with a direct label, such as a dye sol, a metallic 
(e.g. gold) sol, or a coloured latex (e.g. polystyrene) mi- 
croparticle, which are visible to the eye when concen- 
trated in a comparatively small test area of the strip. The 
user merely needs to apply a urine sample to one part 
of the casing to initiate the assay. The assay result be- 
comes visible by eye within a few minutes without further 
action by the user. Examples of such devices are de- 
scribed in EP-A-291194 and EP-A-383619. Sample col- 
lection is conveniently achieved by means of a bibulous 
member which forms part of the device and which can 
readily take up sample liquid, e.g. from a urine stream. 
Optionally the bibulous member can protrude from the 
casing of the device to facilitate sample application. 
[0040] Other embodiments of the invention, which will 
be apparent from the following detailed description, in- 
clude methods of use of such assay devices and read- 
ers. 

[0041] By way of example only, assay devices and 
readers in accordance with the invention will now be de- 
scribed with reference to the accompanying drawings, 
of which: 

Figure 1 shows a general view of a sheet of porous 
material, e.g. paper, during the course of reagent 
deposition on the sheet and sub-division of the 
sheet into assay strips. 

Figure 2 shows an "exploded" view of an assay de- 
vice incorporating an assay strip made as shown in 
Figure 1 . 

Figure 3 shows in diagramatic cross-section an as- 
say device of Figure 2 located within the reading 
head of a monitor in accordance with the invention, 
working by light transmission through the assay 
strip. The y axis is distorted to show the arrange- 
ment of components. 

Figures 4a, 4b and 4c show in partially "exploded" 
form the main features of a complete monitor in ac- 
cordance with the invention, namely: 
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Figure 4a: the lid and upper half of the casing; 

Figure 4b: an electronic circuit board incorporating 
a reading head; 

Figure 4c: the lower half of the casing and associ- 
ated battery container. 

Figure 5 shows the reading head seen in Figure 4b 
on an enlarged scale. 

Figure 6 shows a view directly downwards into the 
test device receiving slot of the reading head of Fig- 
ure 5. 

Figure 7 is a cross-section of one end of a test de- 
vice designed for insertion into the receiving slot of 
the reading head. 

Figure 8 shows, in schematic form, the basic func- 
tions that may be required in an electronic monitor 
for use in accordance with the invention, as applied 
to the human ovulation cycle. 

[0042] Referring to Figure 1 , the sheet 100 of porous 
material, e.g. nitrocellulose, is intended to be divided in- 
to a plurality of identical assay strips 101 by cutting along 
central axis A-A and the lateral axes B-B. 
[0043] Parallel lines (1 02-1 07) of assay reagents are 
placed on sheet 100 prior to sub-division. For the pur- 
poses of example only, the reagents are assumed to be 
a first immobilised antibody in lines 102 and 107, and a 
second different immobilised antibody in lines 103 and 
106. Reagent deposition can be by means of a "pen" 
108 or the like operated on a computer-controlled "x-y" 
plotting mechanism (not shown) and fed with appropri- 
ate buffered reagent solution via a metered flexible tube 
109. If the material of sheet 100 is nitrocellulose, rea- 
gents such as antibodies and antigens can be immobi- 
lised by simple direct application onto the nitrocellulose, 
followed by blocking of the sheet material, for example 
with albumen or polyvinyl alcohol. Following reagent 
deposition and blocking, two lines 104 and 105 of mobile 
labelled reagent, such as antigen (e.g. E3G) or another 
antibody (e.g. anti-LH) labelled for example with a par- 
ticulate direct label such as coloured latex, can be de- 
posited. This deposition can be for example by means 
of another pen (not shown). Alternatively, the labelled 
reagent(s) can be held in a separate porous pad or the 
like, rather than being applied directly to the test strip 
material. 

[0044] In order to achieve precise location of the rea- 
gent-containing lines, each longitudinal periphery 110, 
111 of sheet 100 is pierced with a plurality of identical 
small holes 1 1 2 each one being situated within the width 
of a designated strip 113. Holes 112 are made in sheet 
100 prior to the deposition of any reagents. The untreat- 
ed sheet is located on a frame (not shown) or similar 



operating surface by means of a bar 114 pressed down- 
wardly onto each lateral periphery of the sheet. Only one 
of these bars is (partially) shown. Each bar has a plural- 
ity of downwardly projecting pins 115, each of which lo- 
cates precisely into one of the holes 112. The tracking 
of the reagent-depositing pen 108 is registered precisely 
with the position of the bars holding the sheet, and ac- 
cordingly the reagent deposition is made in a predeter- 
mined precise line relative to the perforations in the 
sheet. 

[0045] Following all necessary reagent depositions 
and other treatments of the sheet, the sheet is subdivid- 
ed by cutting means (not shown) into individual identical 
strips 101. Each individual strip therefore contains one 
locating hole 112 with two reagent-containing lines or 
reaction zones (e.g. 102 and 103) located relative to 
hole 112 in precise predetermined positions extending 
across the width of each strip. At a location remote from 
hole 112 is a region (e.g. 104) of the strip bearing the 
mobile labelled reagent. The exact position of the la- 
belled reagent relative to the hole is not necessarily as 
critical as the location of the reaction zones. 
[0046] By way of example only, the individual strips 
will typically have a length of about 40mm to about 
80mm, and a width of about 5mm to about 1 0mm, as is 
already conventional in the assay device art. A reagent- 
containing detection zone such as the reaction zones 
102 and 103, will typically be a line of width about 1mm 
running laterally across the strip. A small dot, e.g. circu- 
lar with diameter of about 1 mm to about 3mm, is an al- 
ternative. The detection zone is therefore only a rela- 
tively small proportion of the total area of the strip. If ap- 
propriate for the purposes of the assay, multiple detec- 
tion zones containing the same or different reagents can 
be placed on each strip. This may necessitate more than 
one labelled component being used; multiple mobile la- 
belled components can be placed upstream on the strip 
or elsewhere within the device (eg. in a sample applica- 
tion pad or wick, as described below). 
[0047] Referring to Figure 2, an assay device for use 
in the invention comprises a plastics casing having up- 
per and lower halves 200 and 201 adapted to contain 
the assay strip 101 and also a bibulous sample receiving 
member 202 which can extend out of one end 203 of 
the assembled casing. In the assembled device the bib- 
ulous receiving member 202 overlaps the end 204 of the 
assay strip adjacent to the deposited labelled reagent. 
The upper half 200 of the casing includes a window or 
aperture 205 through which both detection zones 102 
and 103 can be observed from outside the casing. Up- 
per half of the casing contains on its external surface 
206 a circular depression 207 on the central longitudinal 
access of the casing a short distance beyond the obser- 
vation window relative to the end 203 of the casing ac- 
commodating the sample receiving member. On the in- 
side of the upper half of the casing is a downwardly ex- 
tending pin or peg 208 located directly below depression 
207. The diameter of the downwardly extending pin or 
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peg 208 matches that of the hole 112 in the assay strip 
1 01 , so that the strip can be positively located within the 
assembled device on the peg. 
[0048] Lower half 201 of the casing also includes a 
light-transmitting window or aperture 209 which, in the 
assembled device, lies directly opposite to the result 
window 205 in the upper half of the casing. Lower half 
of the casing also contains a depression 210 which can 
accommodate the bottom end of the pin or peg 208 
when the two halves of the casing are placed together 
to make an enclosure. 

[0049] In the assembled device, the act of enclosing 
the strip and bibulous member between the upper and 
lower halves of the casing causes the overlapping por- 
tions 204 and 211 of the strip and bibulous member to 
be crimped together to provide a good moisture-conduc- 
tive junction. 

[0050] It is generally envisaged that the material of the 
casing will be opaque, e.g. white or coloured plastics 
material, but the casing can be translucent or indeed 
transparent if desired. 

[0051] Referring to Figure 3, the assay device 300 is 
seen located within a slot 301 in a monitor 302. This re- 
gion of the assay device includes the two opposing win- 
dows 205 and 209. 

[0052] The casing of the monitor is slotted to receive 
the portion of the assay device incorporating the result 
windows. On opposing sides of the slot is a light source 
303 and a reading head 304. 

[0053] The slot incorporates a button or projection 
305 which can fit into the depression 207 on the external 
face of the casing of the assay device. Precise positive 
location of the casing within the slot is therefore 
achieved. Because the depression is in a fixed position 
relative to the internal pin or peg 208 within the assay 
device, and hence the registration hole 112 in the assay 
strip 101, the two detection zones 102 and 103 on the 
strip are located in a precise position relative to the read- 
ing head. The hole in the assay strip therefore acts as 
a positive reference throughout the manufacture of the 
assay device and ensures that after the device has been 
used and presented to the monitor the detection zones 
on the strip will be in the same position relative to the 
reading head each time. Accordingly there is no need 
for the reading head to incorporate a scanning facility to 
locate the detection zones in each presented device. 
[0054] The light source or illuminator 303 incorpo- 
rates a plurality of LEDs 306 to generate light, and this 
shines onto the assay strip via a diffuser 307 and the 
observation window 209 in the lower half of the assay 
device casing. The light passes through the thin nitro- 
cellulose strip 101 and exits the assay device through 
the result window 205 in the upper half of the casing. 
Immediately outside window 205 is a second diffuser 
308. After passing through the second diffuser 308, the 
light encounters a plate 309 having a plurality of aper- 
tures 310-314. There are five apertures in total, two of 
which (3 1 1 , 31 3) are adjacent to the detection zones and 



the others (310, 312 and 314) lie in positions on either 
side of these detection zone apertures. The apertures 
are of slit form corresponding to the detection lines on 
the strip. The width of each of the two apertures 31 1 and 
5 313 corresponding to the detection zones themselves 
is double the width of each of the three other apertures, 
which act as controls. 

[0055] The light passing through these apertures trav- 
els down a corresponding slot 315-319 in a baffle plate 

10 320. At the far end of each slot is a light detector 321 . 
The detectors 321 are of identical size and specification. 
At the front face 322 of the baffle plate 320, each slot is 
of the same size as the corresponding aperture. At the 
rear face of the baffle adjacent to the light detectors each 

15 slot is of the same size as the face of the light detector 
adjacent to it. Accordingly, the two slots (316, 318) as- 
sociated with the detection zone apertures are parallel- 
sided. The three slots (315, 317 and 319) associated 
with the control apertures increase in size as they 

20 progress towards the light detector. 

[0056] The slot in the monitor can also accommodate 
gripping or biasing means such as one or more spring- 
loaded plates or pins (not shown) to further enhance the 
positive location of the assay device within the slot. 

25 [0057] Ideally, the same optical signal is derived from 
each aperture irrespective of the precise line position 
opposite the apertures. The apertures can be of different 
sizes to promote this objective. The dimensions of the 
reference zone should be chosen to correspond as 

30 closely as possible with the actual area of the detection 
zone on the strip. 

[0058] To reduce the possibility of cross-talk between 
the apertures, the assay strip should be held as close 
as possible to the apertures when the assay device is 

35 located in the slot in the monitor. 

[0059] As described above, there are five optical 
measurement channels in the reading device. In addi- 
tion, there can be a sixth electronic reference channel 
that provides calibration of the electronic gains in the 

40 detector circuitry. 

[0060] A typical test strip may exhibit a gradient of de- 
tectable label concentration along its length, against 
which the detectable label at a reaction zone must be 
measured. To accommodate this measurements are 

45 ideally made either side of the reaction zone on the test 
strip. The signal from the reaction zone can be ex- 
pressed as a ratio of the total signal recorded from the 
two adjacent reference areas on the strip. 
[0061] The five measurement channels are divided in- 

50 to two reaction zones and three reference zones. One 
reference zone, located between the two reaction zones 
provides a reference optical measurement to both reac- 
tion zone measurements. 

[0062] A reflectance measuring system must all be 
55 mounted on one side of the test strip. To achieve the 
same level of compactness for a five channel reading 
device would require the use of (relatively) expensive 
custom components. A transmission design can be 
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made entirely from commercially-available, high volume 
optoelectronic components, facilitating the production of 
a monitor that is compact and relatively cheap. 
[0063] The five detectors 321 are mounted on the 
back face of a baffle plate. Each detector views the test 
strip through an aperture in the baffle. The baffle pre- 
vents light viewed through one aperture from falling on 
adjacent detectors, and also provides accommodation 
for line placement tolerance. The position of the test 
zone within the field of view of a detector may vary from 
one edge of the aperture to the other in the x-axis. Any 
variation in the signal arising from this effect is a function 
of the angular displacement relative to the centre of the 
measuring detector. The depth of the baffle can be cho- 
sen to control the possible angular displacement of the 
test zone with respect to the detector, and to maintain 
the accuracy of the reading. 

[0064] The projection 305 is maintained in precise lo- 
cation with respect to the apertures. The reference pin 
locates into depression 207 in the test device casing. 
This depression is also precisely located with respect to 
the internal pin 208 moulded into the test device, on 
which the test strip is located by it's own locating hole 
punched through the strip. The reaction zones are pre- 
cisely located with respect to the locating hole. In this 
manner, within manufacturing tolerances, the reaction 
zones are held in precise positions with respect to the 
apertures through which the detectors view the test 
strip. 

[0065] The iluminator can consist of a series of LEDs 
embedded in or placed behind a diffusing medium which 
provides a uniform and diffuse illumination of the test 
strip covering the reference and signal zones. 
[0066] The incorporation of a diffuser between the ap- 
ertures and the test strip is beneficial for calibration pur- 
poses. In order to calibrate each of the optical channels 
in the absence of the test strip it is highly desirable that 
each detector is collecting light from the same areas of 
the illuminator as is the case when a test device is 
present. The diffuser can be selected to be the dominant 
diffuser in the optical path so that the introduction of the 
test strip does not contribute signifiantly to changes in 
the illumination distribution observed by the detectors. 
In addition, the diffuser element can enable the optical 
assembly to incorporate a \vipe clean* surface, desira- 
ble for long-term repeated performance of the optical as- 
sembly. By modulating the intensity of the illuminator, 
the optical channels can be calibrated, without the aid 
of moveable parts, 'invisibly* to the user prior to the in- 
sertion of a test device. 

[0067] The test strip can consist of an optically diffuse 
layer of nitrocellulose or the like, preferably sandwiched 
between two layers of optically clear film, e.g. of poly- 
ester such as "Mylar". The clear film protects the nitro- 
celluose within which the assay reactions take place. 
Making reflectance measurements through thin trans- 
parent films is particularly difficult because of problems 
arising from specular reflections. Transmission meas- 



urement allows the optics to be constructed orthogonal 
to the measuring suface and minimises the adverse ef- 
fects of reflection. 

[0068] The invention is particularly applicable to the 
5 reading of test strips made of nitrocellulose and similar 
diffuse membranes that preferably do not exceed about 
1 mm thickness. 

[0069] Turning to Figure 4a, the monitor comprises a 
moulded casing, eg. of plastics material, having a gen- 

10 erally oval rounded shape. The casing principally com- 
prises an upper half 400 and a lower half, only the upper 
half of which is seen in Figure 4a. Towards the right hand 
side of casing 400 is a recess 401 having a backwardly 
sloping rear face 402. Rear face 402 incorporates an 

15 aperture 403 for a push button (not shown), a window 
404 to reveal a display panel (not shown) and two win- 
dows 405 and 406 to reveal coloured lights or other in- 
dicators (again not shown) to convey information to the 
user. Extending from the left end of recess 401 is a long 

20 slot 407 to provide access to a reading head (not 
shown). Recess 401 and slot 407 are closable by means 
of a lid 408 which is attached to the rear of the casing 
by two hinge points 409 and 410. The upper surface 411 
of casing 400 is recessed slightly to accommodate the 

25 lid when closed, so that the exterior of the closed device 
presents a relatively smooth continuous surface to the 
user. The lid can be flipped up to reveal the user-acces- 
sible features of the monitor. The lid is closable by 
means of a spring clip (not seen in Figure 4a) which ex- 

30 tends upwards through an orifice 412 in the front edge 
413 of the casing. Front edge 413 of the casing incor- 
porates a further orifice 414 through which a further in- 
dicator light (not shown) may be revealed. 
[0070] Turning to Figure 4b, the circuit board 430 is 

35 of rounded rectangular shape to match the interior 
shape of the casing, and carries all of the operational 
features of the monitor. These include a push button 431 
which the user can press to initiate the monitoring of an 
ovulation cycle. When the circuit board is mounted with- 

40 in the casing and covered by upper half thereof, the push 
button is accessible through aperture 403. To the right 
of the push button is a visual display panel 432 such as 
a liquid crystal display which is visible to the user 
through window 404. To the right of the display panel 

45 are two light guides 433 and 434 which transfer, for ex- 
ample, coloured light (such as red and green) from two 
LEDs or similar lamps (not shown). Appropriate "chips" 
and memory circuits 435, 436 are mounted on the circuit 
board. A further light guide 437 mounted at the front 

50 edge 438 of the circuit board can convey light from an- 
other LED (not shown) to aperture 414. This light may 
indicate, for example, to the user that an assay is re- 
quired. This light can be a different colour from the lights 
associated with display panel, eg. yellow. A battery cbn- 

55 nector 439 hangs from beneath the circuit board for con- 
nection to batteries retained in the lower casing (see Fig- 
ure 4c). Also at the front of the circuit boaard is a switch 
440 operable by the spring catch of lid 408. 
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[0071] At the left hand end of the circuit board is 
mounted the reading head 441 which comprises a cen- 
tral receiving slot 442 to accommodate one end of an 
assay device (not shown). On the front of receiving slot 
442 is an illuminator 443 and immediately opposite at 5 
the rear of the slot is an optical sensing system 444 so 
that light can be passed across the slot (and through a 
testing device when inserted) and evaluated by the sen- 
sor. 

[0072] Turning to Figure 4c, the lower half 460 of the 
casing has an overall oval shape to match the upper half 
400 and provides accommodation for the circuit board 
430. The front edge 461 of the casing 460 accommo- 
dates a spring loaded catch 462 to fasten lid 408 when 
closed. Catch 462 is released by pressure on the front 
face 463 eg. applied by a finger tip. The floor 464 of the 
casing includes a battery chamber (beneath), and a 
small access hole 465 is provided towards the right hand 
end of the casing through which the battery connector 
439 can be passed and linked to batteries 466. The bat- 
teries are retained by a cover 467 which can be clipped 
to the underside 468 of the casing. 
[0073] The constituent parts of the casing can be 
moulded from high impact or similar plastics materials 
such as polystyrene and polycarbonate and held togeth- 
er by "push fit" clips or threaded screws or any other 
appropriate mechanism. 

[0074] Turning to the enlarged illustration of the read- 
ing head, as seen in Figure 5, the slot 442 for receipt of 
an assay device is of parallel sided form, but its width is 
enlarged at its right hand end 500 in a stepped manner 
to provide a pair of shoulders or abuttments 501, 502 
against which a correspondingly enlarged portion of an 
assay device can be abutted. This can facilitate effective 
insertion of an assay device into the reading head. With- 
in the narrower working part 503 of the slot is a button 
504 mounted on the rear wall 505 of the slot, which must 
be fully depressed to activate the reading mechanism. 
Appropriate insertion of a testing device causes ade- 
quate depression of this button. 
[0075] Also on the rear wall 505 of the slot is a fixed 
locating pin 506 which must engage with a correspond- 
ing hole in an inserted assay device. Also on the rear 
wall 505 is a light-transmitting panel 507 which covers 
the optical sensors. Panel 507 extends outwardly be- 
yond the plane of rear wall 505 of the slot and has slop- 
ing edges 508, 509 to give it a distinctive profile. At op- 
posite ends of the front wall 510 of the slot are two pins 
(not seen in Figure 5) which are biased outwardly into 
the slot, e.g. by spring mechanisms contained within two 
housings 511, 512. 

[0076] These same features are illustrated in Figure 
6 which is a view directly downwards into the receiving 
slot. The two biased pins 600, 601 are seen. The pur- 
pose of these pins is to provide biassing means to push 
an inserted assay device against the rear wall 505 of the 
slot. If the receivable portion of an assay device has ap- 
propriately shaped holes or depressions to accommo- 



date the fixed locating pin 506 and the projecting panel 
507, the assay device can be pressed sufficiently close- 
ly to the rear wall of the slot to depress the button 504 
and initiate the optical sensing procedure. 
[0077] Figure 7 shows, in cross-section, part of an as- 
say device 700 having a profile which can cooperate 
with the features seen in Figure 6. The assay device can 
be inserted into the slot with the broader central portion 
701 abutting against shoulders 501, 502. The leading 
end 702 of the assay device has a slightly bevelled edge 
703 to facilitate insertion into the slot past pin 600. The 
assay device comprises a hollow casing containing a 
porous assay strip 704 sandwiched between two sheets 
705, 706 of transparent material. As described earlier, 
strip 704 is precisely located within the assay device 
casing by means of a pin 707 which extends through a 
hole 708 in the strip. On the outside of the assay device 
casing at a point corresponding to the centre of the lo- 
cating pin 707 is a conical hole 709 which can accom- 
modate the fixed locating pin 506 in the reader slot. Each 
side of the assay device casing has an aperture 710, 
711 which, when the assay device is inserted in the slot 
correctly, will be adjacent the light source 443 and light 
sensors 444 respectively. The profiles of these two ap- 
ertures are different and in particular the profile of the 
aperture 711 on the same face of the assay device as 
the conical hole 709 is shaped to match the profile of 
the projecting panel 507 covering the light sensors. This 
ensures that the reading head will only operate when 
the assay device is inserted in the correct orientation to 
ensure that the button 504 is depressed. 
[0078] It will be appreciated that the overall layout and 
general shape of the monitor can be subject to very con- 
siderable variation from that described above without 
departing from the scope of the invention. The general 
shape and layout of the reading head is dictated by the 
need to cooperate effectively with the assay device but 
this shape can be varied considerably. The layout and 
nature of the user accessible controls and information 
display features can likewise be subject to considerable 
variation and are dictated to a large extent by aesthetic 
considerations. 

[0079] The detailed electronics of a monitoring device 
capable of assimilating, remembering and handling an- 
alyte concentration data, as well as providing the pre- 
ferred electronic features of the device discussed here- 
in, and where appropriate predicting future events, such 
as the fertility status in an ovulation cycle on the basis 
of such data, can readily be provided by those skilled in 
the electronics art once they have been advised of the 
factors that such a device must take into consideration, 
and the information that the device must provide for the 
user. By way of example only, the basic functions that 
may be required in such a device are outlined in Figure 
8 of the accompanying drawings and described briefly 
below. The individual features can be entirely conven- 
tional, and those familiar with the art of electronics will 
appreciate that other combinations and arrangements 
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of such features can be employed to achieve the objec- 
tives of the invention. For example, so-called "hard- 
wired" systems, and "neural networks", can be used in 
place of conventional microprocessors based on "chip" 
technology. 5 
[0080] As depicted in Figure 8, the combination es- 
sentially comprises a reading unit 800 to derive informa- 
tion from a test device, such as an assay strip, the read- 
ing unit comprising an illuminator 801 and a reader 802 
(represented here as a photo diode). The reading unit 
feeds into a conversion unit 803 to convert the optical 
signal into a form usable by a microprocessor 804. As 
an optional feature, a calibration system 805 is provided 
to convert the signal derived from the reading unit into 
data corresponding, for example, to an absolute con- 
centration value. 

[0081] A timer, such as a clock 806 may be required 
to regulate measurements within a cycle. The micro- 
processor 804 processes, memorizes and interprets re- 
sults in the light of previous events, particularly recorded 
from previous cycles. The user interface 807 will gener- 
ally comprise at least means, such as a push button, 
which the user can operate at the commencement of a 
cycle to initiate the operation of the device as a whole. 
The power supply 808 should include means, such as 
a memory back-up capacitator 809, to prevent loss of 
historical data when it becomes necessary to replace 
batteries. 

[0082] Information can be conveyed to the user by 
means of a liquid crystal or LED display, for example. If 
desired, information on the state of fertility can be con- 
veyed by a simple visual indication, eg a combination of 
colours showing, for example, green for infertile and red 
for fertile. Especially if the device is intended primarily 
as an aid to contraception, it should "fail safe" by show- 
ing a "fertile" signal. 

[0083] As described above, features 803 and 806 to- 
gether correspond to feature 435 (Figure 4b), and fea- 
ture 804 corresponds to feature 436 (Figure 4b). 
[0084] Transmission spectrophotometry is a widely 
used technique for the quantification of dye concentra- 
tions in clear liquid solutions. Commercially available 
spectrophotometers generally require substantial mod- 
ification to make measurements on diffuse (scattering) 
solutions. Transmission spectrophotometry is not gen- 
erally thought of an appropriate method of measuring 
highly diffuse samples so it is generally only adopted 
where an alternative approach cannot be applied. For 
the purposes of the invention, transmission measure- 
ment offers positive benefits over the more usual reflect- 
ance approach previously employed on test strips. 
[0085] Some conventional strip assays employ re- 
flectance measurement to assess dye concentration on 
the strip surface (e.g. glucose monitors). The chemistry 
of these assays occurs in a very thin layer on the surface 
of a test strip. In contrast, the chemistry of the preferred 
strip devices of the invention takes place throughout the 
thickness of the test strip. Because of variations in flow 
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and reagent deposition, the concentration of detectable 
label captured at a reaction zone may differ according 
to depth. 

[0086] Curvature, surface materials, finish and sol- 
vent effects may vary the ratio of specular to diffuse re- 
flection. For reflectance measurements it is the diffusely 
reflected light from the surface of the strip that carries 
the signal information (i.e. that light will have interacted 
with the detectable label), whilst the specularly reflected 
light will contain no information (as this light is-the com- 
ponent that has just bounced off the surface without in- 
teracting with the detectable label in the diffuse strip). 
Without resorting to relatively bulky and expensive sys- 
tems, it is difficult to design a reflectance measurement 
system that minimises specular reflection to the extent 
possible with transmission measurement, especially us- 
ing diffuse light as in accordance with the invention. 
[0087] Reflectance systems require the use of a test 
surface that must be removed from the optical path for 
the purposes of calibration. This reference surface must 
not deteriorate if it is to form a part of the optical assem- 
bly. In addition, mechanical movement is required to dis- 
place such a reference material when an assay strip 
needs to be measured. Such problems are avoided by 
the invention. 

[0088] In addition to the specific examples of detect- 
able materials already mentioned herein, the invention 
can use as labels materials which block or reflect the 
electromagnetic radiation, rather than absorb it, e.g. 
"white" particles such as latex particles in their natural 
uncoloured state. Alternatively, the label can be a reac- 
tant or catalyst which participates in the generation of a 
radiation absorbing or radiation-blocking material, e.g. 
an enzyme which reacts with a substrate to produce a 
detectable material, such as a coloured material, in the 
detection zone. 

Example 

[0089] The purpose of this example is to confirm that 
the transmission reading system of the invention ena- 
bles consistent data to be obtained from a testing de- 
vice. 

[0090] A dual-analyte testing device, selected at ran- 
dom from a batch of identical devices constructed as 
hereinbefore described with reference to Figures 1 and 
2, using blue-coloured latex particles as a label concen- 
trated in two test lines on a nitrocellulose strip to reveal 
the test result, was repeatedly inserted and "read" in a 
monitor constructed as hereinbefore described with ref- 
erence to Figures 3 to 8. 

[0091] The intensities of the two test lines respectively 
represented the concentrations of LH and E3G in a urine 
sample applied to the testing device. 
[0092] The testing device was inserted and removed 
from the monitor 10 times. The percentage light trans- 
mission for each reading was as follows: 
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0.1 


cv% 
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0.3% 



[0093] These results indicate that the reading system 
of the invention produces consistent data which is not 
affected significantly by any variability of test line place- 
ment when the test device is inserted in the monitor. 



Claims 

1. An assay result reader (302), for use in conjunction 
with an assay device (300) comprising a porous liq- 
uid-permeable carrier in the form of a strip or sheet 
(101) through the thickness of which electromag- 
netic radiation is transmissible, said carrier includ- 
ing a detection zone (102, 103) in which an assay 
result is revealed by specific binding of a detectable 
material directly or indirectly to a binding agent im- 
mobilised in said detection zone, detection of said 
material being effected as a response to said elec- 
tromagnetic radiation, said assay result reader 
comprising: 

a) receiving means (301) for receiving at least 
a portion of said assay device, said portion in- 
cluding said detection zone; 

b) reading means associated with said receiv- 
ing means, said reading means comprising: 

i) at least one source of diffuse electromag- 
netic radiation (303, 307); and 

ii) one or more sensors (321) capable of 
detecting the intensity of said electromag- 
netic radiation; characterised in that said 
assay result reader comprises a diffuser 
(308) in front of said one or more sensors 
such that electromagnetic radiation from 
said diffuse source must pass through said 
diffuser before reaching said one or more 
sensors; said source and said sensors(s) 
being positioned such that when said por- 



tion of said assay device is received within 
said receiving means, said detection zone 
is disposed in the path between said 
source and said sensor(s) between said 
5 diffuse source and said diffuser. 

2. An assay result reader according to claim I wherein 
said electromagnetic radiation is light. 

10 3. An assay result reader according to claim 2, where- 
in said light is pulsed. 

4. An assay result reader according to claim 3, where- 
in said light is pulsed at a pulse frequency of at least 

15 about 1 kHz. 

5. A test kit comprising an assay device and assay re- 
sult reader wherein: 

20 a) said device comprises a porous liquid-per- 

meable carrier strip or sheet (101) through the 
thickness of which electromagnetic radiation is 
transmissible diffusely, said carrier preferably 
being within a casing or cover (200, 201 ), said 

25 carrier including at least one detection zone 

(102, 103) in which an assay result is revealed 
by specific binding of a detectable material di- 
rectly or indirectly to a binding agent immobi- 
lised in said detection zone; 

30 

b) said casing or cover, if present, has electro- 
magnetic energy transmitting regions (205, 
209) enabling electromagnetic radiation from 
an external source to be passed through said 

35 device, said detection zone lying in the path be- 

tween said transmitting regions; 

c) and said assay result reader is in accordance 
with claim 1 . 

40 

6. A test kit as claimed in claim 5, wherein the receiv- 
ing means of the assay result reader incorporates 
interlocking means (506) engagable with corre- 
sponding interlocking means (709) on said device 

45 to ensure that upon receipt of said device by said 
reader said detection zone(s) is located and main- 
tained in predetermined spacial relationship relative 
to said reading means. 

50 7. A test kit as claimed in claim 5 or claim 6, wherein 
said receiving means includes actuating means 
(504) triggered by said receipt of said device, said 
actuating means causing said reading of said de- 
tection zone(s) to be initiated. 

55 

8. A test kit as claimed in any one of claims 5 to 7, 
wherein said device has a casing or cover which 
includes internal registration means (707) which en- 
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gages with corresponding registration means (708) 
associated with said carrier such that said detection 
zone within said device casing or cover is located 
in a predetermined spacia! relationship relative to 
said interlocking means (709) on said device casing 
or cover. 

9. A test kit according to claim 8, wherein said internal 
registration means comprises a pin or the like, en- 
gagable with a hole or indentation in said carrier, 
said detection zone being at a predetermined loca- 
tion on said carrier relative to said hole or indenta- 
tion. 

10. A test kit as claimed in any one of claims 5 to 9, 
wherein said electromagnetic radiation from said 
source is diffuse. 

11. A test kit as claimed in any one of claims 5 to 10, 
wherein said electromagnetic radiation is light. 

12. A test kit as claimed in any one of claims 5 to 11, 
wherein said electromagnetic radiation from said 
source is pulsed. 

13. A test kit as claimed in any one of claims 5 to 12, 
wherein said carrier strip or sheet comprises paper, 
nitrocellulose or the like, preferably having a thick- 
ness not exceeding 1mm. 

14. A test kit as claimed in any one of claims 5 to 13, 
wherein said detectable material comprises a par- 
ticulate direct label. 

15. A test kit as claimed in claim 14, wherein said elec- 
tromagnetic radiation is visible light of a wavelength 
that is strongly absorbed by said particulate direct 
label. 

16. A test kit as claimed in any one of claims 5 to 15, 
wherein the assay device is one of a plurality of 
identical such devices provided as part of the kit. 

17. Use of a test kit according to any one of claims 5 to 
1 6, for determining the concentration of an analyte 
in a sample liquid. 

18. An assay result measuring device which device 
comprises: an assay result reader in accordance 
with any one of claims 2 to 4, further comprising 
electronic means (435, 436) connected to said sen- 
sors, said electronic means being programmed to 
derive from sensed incident light a measure of the 
extent to which said detectable material has be- 
come concentrated in said detection zone. 

19. A device according to claim 1 8, wherein said diffuse 
light is pulsed, and said electronic means is pro- 



grammed to control said sensors such that said 
sensors only sense incident light in phase with said 
pulsed light, said light preferably having a pulse fre- 
quency of at least about 1 kHz. 

5 

20. A method of "reading" the result of an assay effect- 
ed by concentrating a detectable material in a com- 
paratively small zone (102, 103) of a carrier in the 
form of a strip, sheet or layer (101) through the thick- 
10 ness of which electromagnetic radiation is transmis- 
sible, wherein at least a portion of one face of said 
carrier is exposed to incident electromagnetic radi- 
ation which is substantially uniform across the en- 
tire portion, said portion including said zone, and 
15 wherein electromagnetic radiation emerging from 
the opposite face of said carrier is passed through 
a diffuser prior to being measured to determine said 
assay result. 

20 21. A method according to claim 20, wherein said inci- 
dent electromagnetic radiation is of substantially 
uniform intensity across said exposed portion of 
said carrier. 

25 22. A method according to claim 20 or claim 21, wherein 
said incident electromagnetic radiation is diffuse. 

23. A method according to any one of claims 20-22, 
wherein said electromagnetic radiation is light, pref- 

30 erably visible light. 

24. A method according to claim 21 or any one of claims 
20-23, wherein said detectable material is a partic- 
ulate direct label. 

35 

Patentanspruche 

1. Assay-Ergebnis-Ableser (302) zur Verwendung in 
40 Verbindung mit einer Assay- Vorrichtung (300), um- 
fassend einen porosen flussigkeitsdurchlassigen 
Trager in Form eines Streifens oder einer Lage 
(101), durch dessen/deren Dicke elektromagneti- 
sche Strahlung ubertragbar ist, wobei der Trager ei- 
45 ne Nachweiszone (102, 103) enthalt, in der ein As- 
say-Ergebnis durch spezifisches Binden eines 
nachweisbaren Materials, direkt oder indirekt an ein 
in der Nachweiszone immobilisiertes Bindungs- 
agens, angezeigt wird, wobei der Nachweis des 
50 Materials als Reaktion auf die elektromagnetische 
Strahlung erfolgt und der Assay-Ergebnis-Ableser 
umfasst: 

a) Aufnahmemittel (301) zum Aufnehmen min- 
55 destens eines Teils der Assay- Vorrichtung, wo- 
bei der Teil die Nachweiszone enthalt; 

b) den Aufnahmemitteln zugeordnete Ablese- 
mittel, wobei die Ablesemittel aufweisen: 
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i) mindestens eine Quelle diffuser elektro- 
magnetischerStrahlung (303, 307) und 

ii) elnen oder mehrere Sensoren (321), die 
in der Lage sind, die Intensitat der elektro- 
magnetischen Strahlung zu bestimmen, 

dadurch gekennzeichnet, dass der Assay-Ergeb- 
nis-Ableser einen Diffusor (308) gegenuber einem 
oder mehreren Sensoren derart umfasst, dass elek- 
tromagnetische Strahlung von der diffusen Quelle 
durch den Diffusor treten muss, bevor sie einen 
oder mehrere Sensoren erreicht, wobei die Quelle 
und der (die) Sensor(en) derart angeordnet sind, 
dass, wenn der Teil der Assay-Vorrichtung in die 
Aufnahmemittel aufgenommen ist, die Nachweis- 
zone im Weg zwischen der Quelle und dem (den) 
Sensor(en) zwischen der diffusen Quelle und dem 
Diffusor angeordnet ist. 

2. Assay-Ergebnis-Ableser nach Anspruch 1, worin 
die elektromagnetische Strahlung Licht darstellt. 

3. Assay-Ergebnis-Ableser nach Anspruch 2, worin 
das Licht gepulst ist. 

4. Assay-Ergebnis-Ableser nach Anspruch 3, worin 
das Licht miteinerPulsfrequenz von mindestens et- 
wa 1 kHz gepulst ist. 

5. Test-Kit, umfassend eine Assay-Vorrichtung und ei- 
nen Assay-Ergebnis-Ableser, worin: 

a) die Vorrichtung eine(n) porose(n) fiussig- 
keitsdurchlassige(n) Tragerstreifen oder -lage 
(101) umfasst, durch dessen/deren Dicke elek- 
tromagnetische Strahlung diffus ubertragbar 
ist, wobei sich der Trager vorzugsweise in ei- 
nem Gehause oder einer Abdeckung (200, 
201) befindet, der Trager mindestens eine 
Nachweiszone(102, 103)enthalt, in der ein As- 
say-Ergebnis durch spezifisches Binden eines 
nachweisbaren Materials direkt oder indirekt an 
ein in der Nachweiszone immobilisiertes Bin- 
dungsagens angezeigt wird; 

b) das Gehause oder die Abdeckung, wenn 
vorhanden, elektromagnetische Energie uber- 
tragende Bereiche (205, 209) aufweist, die in 
der Lage sind, elektromagnetische Strahlung 
von einer externen Quelle durch die Vorrich- 
tung zu fuhren, wobei die Nachweiszone im 
Weg zwischen den Ubertragungsbereichen 
liegt; 

c) und der Assay-Ergebnis-Ableser in Oberein- 
stimmung mit Anspruch 1 steht. 

6. Test-Kit nach Anspruch 5, worin die Aufnahmemittel 



des Assay-Ergebnis-Ablesers Verriegelungsmittel 
(506) enthalten, die mit entsprechenden Verriege- 
lungsmitteln (709) an der Vorrichtung ineinander- 
greifen, urn sicherzustellen, dass bei Aufnahme der 
5 Vorrichtung durch den Ableser die Nachweiszone 
(n) in einem vorbestimmten raumlichen Verhaltnis, 
bezogen auf die Ablesemittel, angeordnet und ge- 
halten wird (werden). 

10 7. Test-Kit nach Anspruch 5 oder Anspruch 6, worin 
die Aufnahmemittel Betatigungsmittel (504) enthal- 
ten, die durch die Aufnahme der Vorrichtung aus- 
gelost werden, wobei die Betatigungsmittel das zu 
initiierende Ablesen der Nachweiszone(n) bewir- 

15 ken. 

8. Test-Kit nach irgendeinem der Anspruche 5 bis 7, 
worin die Vorrichtung ein Gehause oder eine Ab- 
deckung aufweist, das/die interne Registrierungs- 

20 mittel (707) enthalt, die mit entsprechenden Regi- 
strierungsmitteln (708) zusammenwirken, die dem 
Trager derart zugeordnet sind, dass die Nachweis- 
zone im Vorrichtungsgehause oder in der Vorrich- 
tungsabdeckung in einem vorbestimmten raumli- 

25 chen Verhaltnis, bezogen auf die Verriegelungsmit- 
tel (709), im Vorrichtungsgehause oder der Vorrich- 
tungsabdeckung angeordnet sind. 

9. Test-Kit nach Anspruch 8, worin die internen Regi- 
30 strierungsmittel einen Stift oder dergleichen umfas- 

sen, der mit einer Offnung oder Vertiefung des Tra- 
gers zusammenwirkt, wobei sich die Nachweiszone 
an einer vorbestimmten Stelle auf dem Trager, be- 
zogen auf die Offnung oder Vertiefung, befindet. 

35 

10. Test-Kit nach irgendeinem der Anspruche 5 bis 9, 
worin die elektromagnetische Strahlung von der 
Quelle diffus ist. 

40 11. Test-Kit nach irgendeinem der Anspruche 5 bis 10, 
worin die elektromagnetische Strahlung Licht dar- 
stellt. 

12. Test-Kit nach irgendeinem der Anspruche 5 bis 11, 
45 worin die elektromagnetische Strahlung von der 

Quelle gepulst ist. 

13. Test-Kit nach irgendeinem der Anspruche 5 bis 12, 
worin der Tragerstreifen oder die Tragerlage Papier, 

50 Nitrocellulose oder dergleichen umfasst, vorzugs- 
weise mit einer Dikke nicht uber 1 mm. 

14. Test-Kit nach irgendeinem der Anspruche 5 bis 13, 
worin das nachweisbare Material eine teilchenfor- 

55 mige Direktmarkierung umfasst. 

15. Test-Kit nach Anspruch 14, worin die elektromagne- 
tische Strahlung sichtbares Licht einer Wellenlange 
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darstellt, die durch die teilchenformige Direktmar- 
kierung stark absorbiert wird. 

16. Test-Kit nach irgendeinem der Anspruche 5 bis 15, 
worin die Assay-Vorrichtung eine von einer Vielzahl 5 
identischer Vorrichtungen darstellt, die als Teil ei- 
nes Kits zur Verfugung gestellt werden. 

17. Verwendung eines Test-Kits nach irgendeinem der 
Anspruche 5 bis 16 zum Bestimmen der Konzen- 10 
tration eines Analyten in einer Probenflussigkeit. 

18. Assay-Ergebnis-Messvorrichtung, wobei die Vor- 
richtung umfasst: einen Assay-Ergebnis-Ableser 
nach irgendeinem der Anspruche 2 bis 4, weiter 1$ 
umfassend elektronische Mittel (435, 436), verbun- 
den mit den Sensoren, wobei die elektronischen 
Mittel programmiert sind, aus dem erfassten einfal- 
lenden Licht ein Mall fur den Umfang abzuleiten, in 
dem nachweisbares Material in der Nachweiszone 20 
konzentriert wurde. 

19. Vorrichtung nach Anspruch 18, worin das diffuse 
Licht gepulst ist und die elektronischen Mittel pro- 
grammiert sind, urn die Sensoren derartzu steuern, 25 
dass die Sensoren nur einfallendes Licht in Phase 

mit dem gepulsten Licht erfassen, wobei das Licht 
vorzugsweise eine Pulsfrequenz von mindestens 
etwa 1 kHz aufweist. 

30 

20. Verfahren zum "Ablesen" des Ergebnisses eines 
Assays, durchgefuhrt durch Konzentrieren eines 
nachweisbaren Materials in einer verhaltnismafcig 
kleinen Zone (102, 103) eines Tragers in Form ei- 
nes Streifens, einer Lage Oder Schicht (1 01 ), durch 35 
dessen/deren Dicke elektromagnetische Strahlung 
ubertragbar ist, worin mindestens ein Abschnitt ei- 
ner Flache des Tragers einfallender elektromagne- 
tischer Strahlung ausgesetzt wird, die im wesentli- 
chen uber den gesamten Abschnitt einheitlich ist, *o 
wobei der Abschnitt die Zone enthalt, und worin von 
der entgegengesetzten Seite des Tragers austre- 
tende elektromagnetische Strahlung durch einen 
Diffusor hindurchgefuhrt wird, bevor sie gemessen 
wird, urn das Assay-Ergebnis zu bestimmen. 45 

21. Verfahren nach Anspruch 20, worin die einfallende 
elektromagnetische Strahlung im wesentlichen ein- 
heitliche Intensitat uber den ausgesetzten Ab- 
schnitt des Tragers aufweist. 50 

22. Verfahren nach Anspruch 20 oder Anspruch 21, 
worin die einfallende elektromagnetische Strahlung 
diffus ist. 

55 

23. Verfahren nach irgendeinem der Anspruche 20 bis 
22, worin die elektromagnetische Strahlung Licht 
darstellt, vorzugsweise sichtbares Licht. 



24. Verfahren nach Anspruch 21 Oder irgendeinem der 
Anspruche 20 bis 23, worin das nachweisbare Ma- 
terial eine teilchenformige Direktmarkierung dar- 
stellt. 



Revendications 

1. Lecteur de resultat d'analyse (302), pour utilisation 
conjointement avec un dispositif d'analyse (300), 
comprenant un porteur poreux permeable liquide 
sous la forme d'une bande, ou feuille, (101) a tra- 
vers I'epaisseur duquel un rayonnement electroma- 
gnetique est transmissible, ledit porteur incluant 
une zone de detection (102, 103) dans laquelle un 
resuttat d'analyse est revele par liaison specifique 
d'une matiere pouvant etre detectee directement, 
ou indirectement, a un agent de liaison immobilise 
dans ladite zone de detection, la detection de ladite 
matiere se faisant en reponse audit rayonnement 
electromagnetique, ledit lecteur de resultat d'analy- 
se comprenant : 

a) un moyen de reception (301) destine a rece- 
voir au moins une partie dudit dispositif d'ana- 
lyse, ladite partie incluant ladite zone de 
detection ; 

b) un moyen de lecture associe audit moyen de 
reception, ledit moyen de lechrre comprenant : 

i) au moins une source de rayonnement 
electromagnetique diffus (303, 307) ; et 

ii) un ou plusieurs capteurs (321) pouvant 
detecter I'intensite dudit rayonnement 
electromagnetique ; caracterise en ce 
que ledit lecteur de resuitat d'analyse com- 
prend un diffuseur (308) en face desdits un 
ou plusieurs capteurs de fagon qu'un 
rayonnement electromagnetique prove- 
nant de ladite source diffuse doive passer 
a travers ledit diffuseur avant d'atteindre 
lesdits un ou plusieurs capteurs ; ladite 
source et ledit /lesdits capteur(s) etant pla- 
ces de sorte que, lorsque ladite partie dudit 
dispositif d'analyse est regue a I'interieur 
dudit moyen de reception, ladite zone de 
detection est disposee dans ie trajet entre 
ladite source et ledit /lesdits capteur(s) en- 
tre ladite source diffuse et ledit diffuseur. 

2. Lecteur de resuitat d'analyse seton la revendication 

1, dans lequel ledit rayonnement electromagneti- 
que est de la lumiere. 

3. Lecteur de resultat d'analyse selon la revendication 

2, dans lequel ladite lurniere est puls6e. 

4. Lecteur de resultat d'analyse selon la revendication 
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3, dans lequel ladite lumiere est pulsee a une fre- 
quence impuislonnelle d'au moins 1 kHz. 

5. Necessaire d'essai comprenant un dispositif d'ana- 
lyse et un lecteur de resultat d'analyse, dans 
lequel : 

a) ledit dispositif comprend une bande, ou 
feuille, de porteur poreux permeable liquide 
(1 01 ) a travers I'epaisseur de laquelle un rayon- 
nement electromagnetique est transmissible 
de maniere diffuse, ledit porteur se trouvant de 
preference a I'interieur d'un boitier, ou couver- 
cle, (200, 201), ledit porteur incluant au moins 
une zone de detectian (1 02, 1 03) dans laquelle 
un resultat d'analyse est r§v6le par liaison spe- 
cifique d'une matiere pouvant etre detectee di- 
rectement, ou indirectement, a un agent de 
liaison immobilise dans ladite zone de 
detection ; 

b) ledit boitier, ou couvercle, s'il en est, com- 
porte des regions de transmission d'energie 
electromagnetique (205, 209) permettant qu'un 
rayonnement electromagnetique provenant 
d'une source externe passe a travers ledit dis- 
positif, ladite zone de detection s'etendant dans 
le trajet entre lesdites regions de transmission ; 

c) et ledit lecteur de resultat d'analyse selon la 
revendication 1 . 

6. Necessaire d'essai selon la revendication 5, dans 
lequel le moyen de reception du lecteur de resultat 
d'analyse incorpore un moyen de verrouillage mu- 
tuel (506) pouvant engager un moyen de verrouilla- 
ge mutuel correspondant (709) situe sur ledit dis- 
positif pour garantir que, lors de la reception dudit 
dispositif par ledit lecteur, ladite / lesdites zone(s) 
de detection est / sont situee(s) et maintenue(s) 
dans une disposition spatiale predeterminee par 
rapport audit moyen de lecture. 

7. Necessaire d'essai selon la revendication 5 ou 6, 
dans lequel ledit moyen de reception inclut un 
moyen d'actionnement (504) declench6 par ladite 
reception dudit dispositif, ledit moyen d'actionne- 
ment provoquant le demarrage de ladite lecture de 
ladite / lesdites zone(s) de detection. 

8. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 7, dans lequel ledit dispositif com- 
porte un boitier, ou couvercle, qui comprend un 
moyen d'alignement interieur (707) qui engage un 
moyen d'alignement correspondant (708) associe 
audit porteur de fa$on que ladite zone de detection 
situee a I'interieur dudit boitier, ou couvercle, de dis- 
positif se trouve dans une disposition spatiale pre- 
determinee par rapport audit moyen de verrouillage 
mutuel (709) dudit boitier, ou couvercle, de dispo- 



sitif. 

9. Necessaire d'essai selon la revendication 8, dans 
lequel ledit moyen d'alignement interieur comprend 

5 une broche, ou analogue, pouvant engager un trou, 
ou indentation, pratique dans ledit porteur, ladite zo- 
ne de detection se trouvant a un emplacement pre- 
determine sur ledit porteur par rapport audit trou, 
ou indentation. 

10 

10. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 9, dans lequel ledit rayonnement 
electromagnetique provenant de ladite source est 
diffus. 

15 

11. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 10, dans lequel ledit rayonnement 
electromagnetique est de la lumiere. 

20 12. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 11 , dans lequel ledit rayonnement 
electromagnetique provenant de ladite source est 
pulse. 

25 13. Necessaire d'essai selon I'une quetconque des re- 
vendications 5 a 12, dans lequel ladite bande, ou 
feuille, de porteur comprend du papier, de la nitro- 
cellulose, ou analogue, ayant de preference une 
epaisseur qui ne depasse pas 1 mm. 

30 

14. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 1 3, dans lequel ladite matiere pou- 
vant etre detectee comprend une etiquette directs 
particulate. 

35 

15. Necessaire d'essai selon la revendication 14, dans 
lequel ledit rayonnement electromagnetique est de 
is lumiere visible de longueur d'onde qui est forte- 
ment absorbee par ladite etiquette directe particu- 

40 laire. 

16. Necessaire d'essai selon I'une quelconque des re- 
vendications 5 a 15, dans lequel le dispositif d'ana- 
lyse est I'un d'une pluralite de dispositifs identiques 

45 de ce type realise en tant que partie du necessaire. 

17. Utilisation d'un necessaire d'essai selon I'une quel- 
conque des revendications 5 a 16, pouvant deter- 
miner la concentration d'un analyte dans un liquide 

50 echantillon. 

18. Dispositif de mesure de resultat d'analyse, lequel 
dispositif comprend : un lecteur de resultat d'analy- 
se salon I'une quelconque des revendications 2 a 

55 4, comprenant en outre des moyens electroniques 
(435, 436) connectes auxdits capteurs, lesdits 
moyens electroniques etant programmes pour ob- 
tenir, a partir de la lumiere incidente captee, une 
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mesure du degre de concentration, dans ladite zo- 
ne de detection, de ladite matiere pouvant etre de- 
tectee. 

19. Dispositif selon la revendication 18, dans lequel la- 5 
dite lumiere diffuse est pulsee, et dans lequel lesdits 
moyens electroniques sont programmes pour com- 
mander lesdits capteurs de fagon que lesdits cap- 
teurs ne detectent que la lumiere incidente en pha- 
se avec ladite lumiere pulsee, ladite lumiere ayant 10 
de preference une frequence impulsionnelle d'au 
moins environ 1 kHz. 

20. Procede de " lecture " du resultat d'une analyse ef- 
fectuee par concentration d'une matiere pouvant 15 
etre detectee dans une zone comparativement pe- 
tite (1 02, 1 03) d'un porteur sous la forme d'une ban- 

de, feuille, ou couche, (101), a travers I'epaisseur 
duquel un rayonnement electromagnetique est 
transmissible, dans sequel au moins une partie 20 
d'une face dudit porteur est exposee a un rayonne- 
ment eiectromagnetique incident qui est sensible- 
ment uniforme sur toute la partie, ladite partie in- 
cluant ladite zone, et dans lequel le rayonnement 
electromagnetique emergeant de la face opposee 25 
dudit porteur passe par un diffuseur avant d'etre 
mesure pour determiner ledit resultat d'analyse. 

21. Procede selon la revendication 20, dans lequel ledit 
rayonnement electromagnetique incident a une in- 30 
tensite sensiblement uniforme d'un bout a I'autre de 
ladite partie exposee dudit porteur. 

22. Procede selon la revendication 20 ou la revendica- 
tion 21, dans lequel ledit rayonnement electroma- 35 
gnetique incident est diffus. 

23. Procede selon Tune quelconque des revendications 
20 a 22, dans lequel ledit rayonnement electroma- 
gnetique est de la lumiere, de preference, de la lu- *o 
miere visible. 

24. Procede selon la revendication 21 ou I'une quelcon- 
que des revendications 20 a 23, dans lequel ladite 
matiere pouvant etre detectee est une etiquette di- 45 
recte particulate. 
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Fig.4a. 
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Fig.4c. 
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